Objective: Systemic inflammation is an important risk factor for cardiovascular diseases and inequalities by race/ethnicity, gender, and education have been documented. However, there is incomplete knowledge as to how these disparities present across age, especially in late life. This study assesses whether differences in C-reactive protein (CRP), a marker of inflammation, are contingent on age among older persons. Method: Data are from the 2006/2008 Health and Retirement Study (n = 10,974) biomarker assessment. CRP was regressed on interactions between age and other status characteristics. Results: Racial/ethnic differences in inflammation do not vary significantly by age. However, gender and education differences are greatest at younger ages and then narrow steadily with increasing age. Discussion: There is considerable heterogeneity in how disparities in inflammation present across age and characteristics such as race/ethnicity, gender, and education. Understanding status differences in the influence of age on factors affecting late-life health is useful for health disparities research.
2007). Overall, women tend to have higher levels of CRP than men of similar ages (Lakoski et al., 2006) , and individuals with less than a high school education have higher CRP levels than their more educated counterparts (Friedman & Herd, 2010) .
It is unclear, however, whether differences in CRP by race/ethnicity, gender, and education change with age among older adults or why these variations occur. Widening CRP differentials across age groups may be due to the continued accumulation of health-damaging exposures among disadvantaged populations and of health-sustaining resources among advantaged populations (Dannefer, 2003) . Therefore, racial minorities may experience much higher CRP levels in old age compared with Whites, for example, because they have amassed over time a disproportionate amount of adverse social and economic exposures that compromise health and well-being. Alternatively, CRP differentials may narrow with increasing age because of differential mortality, the "catching up" of socially advantaged subgroups in terms of poor health (i.e., age-as-leveler hypothesis), or a combination of both processes (Ferraro & Farmer, 1996) . Yet again, the magnitude of gaps between more and less privileged social groups may remain the same across age groups, if the damage done in earlier life is sufficient for determining late-life health differentials that may be resistant to change.
Few studies have examined age variations in disparities in inflammation among older adults and none have used multiple indicators of social status. Therefore, the current study assesses the extent to which population differences in inflammation by race/ethnicity, gender, and education change with age by formally testing whether these differences are conditional on age. Our hypotheses are guided by the theory of cumulative advantage/disadvantage (Dannefer, 2003) . We expect to find that Blacks have higher levels of CRP than Whites and Hispanics and that these differences widen with age among older persons. Differences between Hispanics and Whites are hypothesized to be minimal and constant with age, an instance of the "Hispanic paradox" of favorable health outcomes among Hispanics despite their low socioeconomic status (SES). We additionally expect to find widening education differences in CRP due to the accumulation of risks with age among persons with relatively low levels of education. Even though women tend to have higher CRP levels than men overall, our analysis of gender is exploratory because the relationship between inflammation and sex-related physiological changes that occur at advanced ages is not well understood. We also assess the extent to which sociodemographic characteristics, health behaviors, and current physical and mental health status explain age variations in these disparities because inflammation is known to be associated with individual characteristics and lifestyle factors that affect health.
Our study contributes to a growing body of research documenting social disparities in the biological foundations of disease, and advances research in this area by testing how disparities vary with age and the explanations for these variations. This information can be constructive for designing health interventions, particularly interventions aimed at eliminating health disparities and improving the health of the least advantaged social groups in older adulthood.
Method

Data and Sample
The Health and Retirement study (HRS) is an ongoing biannual survey of a nationally representative sample of older Americans aged 51 and older. In 2006, a random half-sample (n = 9,067) was selected for assessments of physical measures, biological markers, and psychosocial factors. The remainder (n = 7,857) was assigned the same assessments in 2008. We pooled data from the half-samples to increase the sample size and statistical power. Additional details on the HRS are reported elsewhere (Heeringa & Connor, 1995; Sonnega et al., 2014) .
In total, 12,099 individuals were selected and eligible for the assessments and had a sampling weight. Individuals were dropped if they did not identify as White, Black, or Hispanic because of small sample sizes in other groups (combined n = 242). Of the remaining 11,857 individuals, 10,794 (93%) had complete data on all variables in our models; incomplete cases were more likely to be older, Black, female, less educated, sedentary, and in poor health. The University of Michigan granted approval of the HRS study and obtained written consent. Our study is exempt from review by the institutional review board because all data are publicly available and de-identified.
Study Measures
The specific methods used to collect blood samples and assay CRP are reported by the HRS elsewhere (Crimmins et al., 2013) . High-sensitivity assays were used to help detect low but persistent CRP levels in blood serum. CRP is measured in units of micrograms per milliliter (µg/mL); we logtransformed the variable to improve its skewed distribution. Self-reported race/ethnicity is categorized as Whites (omitted reference), Blacks, and Hispanics of all races. Age is measured in years and males are the reference for gender. Less than high school is the reference for three educational dummy variables of high school, some college, and college or higher.
Household income is the combined total from all sources for the respondent and his or her spouse/partner in thousands of dollars; in regression analyses, this variable is log-transformed to improve its distribution. Marital status is coded as married or partnered (reference), separated/divorced, widowed, or never married. Employment status is coded as employed (reference), retired, or other (e.g., unemployed).
We also examine health behaviors and physical risk factors that are related to CVDs and inflammation (Albert, Glynn, & Ridker, 2004; Ford, 2002; Imhof et al., 2001; Kasapis & Thompson, 2005; Majka et al., 2009; Tracy et al., 1997) . Non-smokers are the reference for current and former smokers. Non-drinkers are the reference for moderate and heavy drinkers, classifications that are based on gender-specific national guidelines (National Institute on Alcohol Abuse and Alcoholism, 2015). Measures of light, moderate, and vigorous physical activity are categorized as active (i.e., reported frequency of once a month or higher) or inactive (i.e., reported never engaging in physical activity; reference). Adipose tissue is a source of proteins and other factors that contribute to inflammation (Berg & Scherer, 2005) and is operationalized as waist circumference measured in inches and body mass index (BMI) in kilograms of weight divided by height in squared meters.
Depressive symptoms are also linked to acute and chronic inflammatory processes in older persons (Penninx et al., 2003) and are measured with a count of eight depressive symptoms in the past week using a modified version of the Center for Epidemiologic Studies-Depression (CES-D) Scale (Radloff, 1977) . Finally, chronic health conditions, such as high blood pressure (Bautista, 2003) , diabetes (Barzilay et al., 2001) , heart disease (Cushman et al., 2005) , stroke (Cao et al., 2003) , cancer (Heikkilä, Ebrahim, & Lawlor, 2007) , and lung diseases (Gan, Man, Senthilselvan, & Sin, 2004) , are associated with elevated CRP levels as is the presence of multiple chronic conditions (Friedman, Christ, & Mroczek, 2015) . Therefore, we control for the number of conditions a person has among the six conditions previously listed.
Statistical Analysis
To account for the complex sampling design, we conducted all analyses using the survey (svy) commands in Stata® 13. We used multiple linear regression models of log-CRP to estimate a main effects model including age, race/ethnicity, gender, and education. We then tested three variants of this model that add the interaction of age separately with race/ethnicity, gender, and education. An adjusted Wald test was used to evaluate the significance of each conditional relationship relative to the main effects model. Post hoc comparisons of linear combination of coefficients (i.e., comparing the coefficients for Blacks and Hispanics) were conducted using the Stata lincom command. We estimated a second set of conditional models including the remaining demographic, behavioral, and health-related variables to determine which of these factors, if any, contribute to age variations in disparities in inflammation. Table 1 presents characteristics of the sample. The majority is White, female, and has at least a high school degree. The average household income is slightly more than US$72,000; most of the sample is retired (53%) and most are married (67%). In general, members of the sample engage in healthful behaviors as evidenced by low rates of current smoking and heavy drinking, and high rates of physical activity. The average waist circumference and BMI of the sample correspond with being overweight and at increased risk for CVDs, and respondents reported an average of at least one depressive symptom and one chronic condition.
Results
The main effects model ( Table 2 , Model 1) shows that log-CRP levels are higher among Blacks than Whites and Blacks also have higher levels than Hispanics (post hoc test: b = 0.253, SE = 0.064, p < .001); Hispanics, however, do not differ significantly from Whites. Women have higher levels than men, and there is a graded decrease in log-CRP across successively higher levels of education. Age is inversely associated with log-CRP, and a sensitivity analysis testing nonlinearity with a quadratic age variable was not significant.
Model 2 added variables for the interaction between race/ethnicity and age. This interaction is not statistically significant, Wald test: F(2, 55) = 0.73; p = .49, which suggests that racial/ethnic differences in log-CRP are not conditional on age: There is an overall decline in log-CRP for all groups and the magnitudes of the Black-White and Black-Hispanic differentials do not change with increasing age.
In the next model, we tested the interaction between gender and age (Table 2, Model 3). This model shows a significant conditional relationship between gender and age, adjusted Wald test: F(1, 56) = 28.14, p < .001, which is depicted in Figure 1 . We see that, on average, log-CRP levels are higher among women than men at younger ages. However, a crossover occurs between ages 75 and 80 such that log-CRP levels are higher for men than women among the oldest-old.
Likewise, the conditional relationship between education and age (Table 2, Model 4) is statistically significant, adjusted Wald test: F(3, 54) = 6.05, p < .01. In Figure 2 , we see that at younger ages, individuals with less than a high school education start off with the highest log-CRP levels, followed by those with a high school degree, some college, and a college degree or higher, respectively. However, the difference between the two lowest and the two highest groups narrows with increasing age. The difference between high school and some college converge between ages 65 and 70, while the differences between high school and college and between less than high school and some college converge later, at age 85 and 95, respectively. The difference between the least and most advantaged education groups-that is, less than high school versus college or higher-converge at even later ages. It should be noted, however, that there are relatively few people in the upper age range: Individuals ages 85 and old comprise less than 7% of the sample, making estimates imprecise. In Table 3 , we assess whether these differences are explained by other sociodemographic characteristics, health behaviors, and measures of physical and mental health status. We present regression coefficients from the main effects model to examine changes in the race difference after accounting for these variables (Panel A). We also present coefficients from conditional models of the interaction between gender and age (Panel B), and education and age (Panel C). For each panel of Table 3 , Model 1 includes only the key independent variables-age, race/ethnicity, gender, and education-and reproduces values presented in Table 2 , while Model 2 includes the explanatory variables (not shown). The models used to estimate the fully adjusted coefficients (i.e., Model 2) are presented in their entirety in Supplemental Table S1 .
After accounting for sociodemographic characteristics, health behaviors, and physical and mental health status, racial/ethnic differences in log-CRP are reduced by more than half, but remain statistically significant (Panel A). Net of the explanatory variables included in Model 2, the gender-age interaction is still significant. However, compared with Model 1, the gender difference is larger and decreases more rapidly with age as evidenced by a slower rate of decline in log-CRP among women (b = −.015 in Model 1 vs. b = −.013 in Model 2) and a faster rate of increase among men (b = 0.005 in Model 1 vs. b = 0.008 in Model 2). Age variations in education differences are completely accounted for by these explanatory variables (PanelC, Model 2).
Discussion
Among older Americans, we find that the associations between several social status characteristics and inflammation are conditional on age, with race/ethnicity being a notable exception. Based on cumulative disadvantage theory, we hypothesized a widening of racial/ethnic difference at more advanced ages. Although there are racial/ethnic differences in CRP, the conditional relationship with age is not significant. The lack of a significant interaction between race/ethnicity and age is counter to our hypothesis and the results from one recent study (Herd, Karraker, & Friedman, 2012) . Previous research has emphasized differences between Blacks and Whites, but we additionally find that Blacks differ from Hispanics. The SES of Blacks and Hispanics is similarly low, on average, suggesting that SES may not be a driving force of inflammation for Hispanics or for both Hispanics and Blacks. The lack of difference in CRP between Hispanics and Whites may be part of the more general "Hispanic Paradox," although empirical support for this phenomenon in other studies is mixed and may vary by Hispanic subgroup (Crimmins et al., 2007) . The diminished racial/ethnic differences with the addition of the physical and behavioral risk factors and chronic conditions suggest that unhealthy lifestyles may account in part for observed differences.
Our study also shows that women have higher CRP levels than men and that the extent of the gender difference is contingent on age: It is most pronounced at younger ages, narrows and then converges during early old age. The higher levels of CRP among women would seemingly place women at greater risk for CVDs and a shortened life span because inflammation is positively associated with mortality (Ridker, 2007) . However, women are more likely than men to seek and receive preventive care and treatment (Bertakis, Azari, Helms, Callahan, & Robbins, 2000) , which may contribute to their greater longevity.
The convergence of and eventual crossover in CRP levels among women and men is consistent with other research (Yang & Kozloski, 2011 ) and appears to be due to both a decrease among women and increase among men (See Figure 1) . This patterning of the gender gap in CRP by age may explain why age is negatively associated with CRP in the full sample (see Table 2 ) to the extent that the positive association between age and CRP among men is offset by the negative association among women.
The gendered pattern of CRP may be due to biological processes (Short, Yang, & Jenkins, 2013) . Sex hormones have been shown to mediate differences in immune responses; male sex hormones tend to reduce the immune response while female sex hormones stimulate it (Schuurs & Verheul, 1990) . Age-related declines in the production of sex hormones (e.g., menopause) may effectively decrease the immune response among women. However, sensitivity analyses including an indicator for menopausal status did not change our substantive findings.
Biological processes leading to gender differences in CRP may also be coupled with social and behavioral processes. Gendered social experiences lead to parallel differences in acquired risks and behaviors (Rieker & Bird, 2005) , for example, that are embodied in biology and subsequently manifest as gender differences in health (Krieger, 2005) . In other words, men and women have followed different life-course trajectories with cumulative effects that manifest in mid to late life. They age differently both biologically and with regard to social experiences (e.g., differences in response to spousal bereavement; Lee & Carr, 2007) , which may lead to disparate trajectories of inflammation in late life.
Alternately, selection effects due to the longer survival of healthy persons (e.g., persons with low CRP levels) may contribute to the gender gap. Given higher mortality rates for U.S. men for most major causes of death (Xu, Kochanek, Murphy, & Arias, 2014) , selection is likely to be greater among men than women. However, if this were the case, then we would expect a stable or widening gender difference due to relatively low CRP levels among older men, the opposite of what we observed. This interpretation, however, uses age as a proxy for aging, a limitation demonstrating the need for longitudinal research on biomarkers.
Our study provides some evidence that the association between education and inflammation is also conditional on age. Although the interaction with education is significant, it appears to be driven primarily by the least and most educated groups, specifically declines in CRP among those with less than a high school education and increases among those with a college education. Selective mortality may contribute to decreases in the magnitude of the disparity and the nonsignificant difference at older ages may be due to limitations in sample size. However, the presence of a significant difference between those with less than a high school degree and those with a college degree at earlier ages may reflect earlier cumulative effects of social disadvantage over the life course among persons with little formal education (Dannefer, 2003; Ferraro & Shippee, 2009) .
Overall, we find that populations that have been marginalized historically and more frequently exposed to adversity and discrimination have higher CRP at younger ages than their more privileged counterparts. Disparities by gender and education narrow at older ages, which could be due to selection or to the "equalizing" of access to social resources (e.g., social welfare programs) that occur with advanced age, an instance of the age-as-leveler hypothesis. That said, the stability of race difference in CRP across age that are not accounted for by other individual characteristics and lifestyle factors suggests that social and environmental risks unique to race and independent of age, such as racism, may be responsible for the persistence of the race gap. In other words, the equalization of access to social and economic resources that accompanies age and the selective pressures favoring the healthy may be inconsequential with regard to racial disparities in inflammation. Future research should more explicitly test this statement and explain why age-patterns of racial disparities in inflammation differ from those based on other indicators of social status.
Limitations and Strengths
The cross-sectional nature of these data is a substantial shortcoming of the study that limits conclusions about aging and inferences of causality. Although this is of limited concern for fixed characteristics, such as race/ethnicity and gender, the directionality of the association between inflammation and other covariates, such as depressive symptoms (Dantzer, O'Connor, Freund, Johnson, & Kelley, 2008) , is less certain and could be reversed or reciprocal. In addition, we analyzed only one biomarker rather than multiple markers or an index of inflammation as some studies have done (Short et al., 2013; Yang & Kozloski, 2011) , although still other studies have examined only CRP (see for review, Nazmi & Victora, 2007) .
A notable strength of the study is the large, diverse, and nationally representative sample of older persons, which allows generalization to the older U.S. population. Whereas existing research has focused on Blacks and Whites, this study additionally examined Hispanics, an understudied population, particularly with regard to age variations in biomarkers. Using biomarkers in population-based research is advantageous because they are not prone to recall bias, unlike self-reports of health outcomes. CRP, in particular, is relatively easy to assess within clinics and on a population-level, and has a known clinical cut-point for high-risk of CVDs (Ridker, 2003) . Moreover, due to its association with multiple health outcomes, CRP captures the emergence of physiological dysregulation before the onset of CVD or related conditions such as diabetes (Effoe et al., 2015) . These characteristics make CRP a desirable candidate for monitoring the health of at-risk populations with the goal of preventing the development and progression of chronic disease.
Conclusion
Our study has demonstrated that some health disparities in inflammation are conditional on age within the older population and that these disparities may be masked when heterogeneity by age is not taken into consideration. We have expanded research on race/ethnicity to include the Hispanic population, finding that Hispanics share the White advantage with regard to inflammation even though Hispanics have similar levels of SES as Blacks. This is a critical contrast because it suggests that we must look beyond SES for an explanation of racial/ethnic differences in inflammation. Our findings point to markedly different patterns of age-related change in inflammation between women, who experience declines in inflammation with age, and men, who exhibit increases with age. In addition, we present evidence that the education gradient in inflammation compresses with age due to a decline in inflammation among persons with the least amount of education.
Racial/ethnic differences in inflammation persist net of demographic and socioeconomic controls, suggesting that future research should identify potential mediators of the relationship between race/ethnicity and inflammation. That these differences are compressed when behavioral and physical risk factors and chronic conditions are taken into consideration suggests that some part may be due to lifestyle. Differential exposure to stressors associated with the aging experience and minority status may be one mechanism contributing to racial/ethnic disparities in CRP. Similarly, the convergence of levels of CRP by gender at older ages merits further investigation and should be examined longitudinally. Investigations of the effects of social and age-related stressors, such as caregiving stress, would be productive directions for future research because these stressors are patterned by gender and associated with CVDs related to inflammation (Lee, Colditz, Berkman, & Kawachi, 2003) .
Health disparities research often focuses on single indicators of social status and treats other characteristics-especially age-as statistical controls, implicitly assuming that any difference in health for the primary characteristic are constant across the others. Our study shows that this assumption is not always warranted and that disparities in health may not be constant across age, even within the older population. Age reflects past histories and experiences that lead to current circumstances and living conditions that influence health, and these histories and experiences differentially unfold over the life course based on social status. For this reason, an examination of the intersection of age with other status characteristics offers a more complete representation of how social status shapes the distribution of health across the diverse subgroups that collectively comprise the older U.S. population.
